lows for a much wider range of cooling rate (e.g., 100-400 "CAI), annealing time (1 -4 h) and annealing temperature (430-560 "C) to consistently achieve optimum soft magnetic properties.
Fe71.9Co27Cr0.6MnO.SSiO.S (Hiperco 27) were selected and heat-treated to obtain different microstructure. TEM observation reveals that the ordering parameter of the BCC phase in Hiperco 50HS varies with the cooling rate, and a high temperature disordered phase with a high density of defects can be retained through rapid quenching, whereas Hiperco 27 exhibits a disordered structure which is insensitive to the heat-treatment. Toroidal laminated samples were used to measure AC magnetic properties. At low frequencies, all the samples either with ordered or disordered phases show low coercivity Hc, high saturation magnetization Ms and initial magnetic permeability mi. As the frequency increases, Hc increases and mi decreases due to the damping effect of the magnetic domain wall. In a certain range of frequencies, magnetic permeability spectra show a dispersion zone where the permeability sharply decreases to near zero. This magnetic permeability dispersion zone shifts to lower frequencies with increasing temperature and decreasing ordering parameter. The effects of microstructure, frequencies and temperature on core losses will also be presented. Spherical iron particles of three different size distributions, 6-10 p , 100 mesh, and 30-80 mesh were mixed with 2.0 wt.% of soluble imide and compression-molded at 300 "C under 131 MPa (19 hi). Post fabrication heat treatment was performed by annealing the specimens at 960 "C, which is slightly above the carbonization temperature of the polymer, for 6 hours. Upon the annealing, the maximum permeability of each sample was increased by a factor of 30-40 and a significantly reduced area within the hysteresis loop was observed. This proves the generality of annealinginduced DC magnetic property enhancement seen in our previous study performed with 6-10 p particles' only, which was accompanied by a decrease in the electrical resistivity by an order of magnitude from the unheatreated value of approximately .015 a-cm. This was explained by the enhanced domain wall motion through the network formed by coalescing the iron particles in the annealed specimens. The rate of core loss measured in the present study at 2.5 and 5 kG up to 1.5 kf%z was seen IO be dramatically increased by the annealing, e.g., from 1.5 to 7.0X lo3 erg/gm-cycle at 2.5 kG and 1500 Hz for the 100 mesh samples, despite a significantly reduced hysteresis loss. An increase in the conductivity, which is partially contributed by the carbonization of polymer and enhanced domain wall mobility are the main reasons for the dramatic increase in the core loss in the annealed specimens. Finally, the annealing was performed at 850 and 750 "C with the specimens of 6-10 p particles and confirmed that the DC magnetic properties are well enhanced at these temperatures. These results indicate the possibility of tailoring the polymer-bound iron particle cores with high permeability and low core loss.
*This
'M. Namkung, R. 6. Bryant, B. Wincheski, and A. Buchman, J. Appl.
Phys. 81, 4112 (1997 A new material that yields pressed compacts suitable for a variety of ac magnetic applications is described. Small, acicular plain-carbon steel particles are decarburized, individually insulated and uniaxially pressed using standard powder metallurgical techniques. The magnetic properties of compacted ring specimens were measured. The ac losses and permeability of the pressed compacts are strongly dependent upon particle geometry. Variation in the core loss among the different particle geometries is a function of the cross sectional area of the acicular particles as well as the strain imparted to the particles during the pressing operation. The core loss, when measured at 60 Hz, decreases then increases with decreasing cross sectional area. The change in core loss is attributed to a balance between decreasing eddy current losses and increasing hysteresis losses with a smaller particle cross sectional area. At a higher test frequency, 400
Hz, the eddy current component of core loss predominates, and the core loss decreases steadily with decreasing particle cross sectional area. In general, the losses measured at 60 Hz are comparable to typical motor lamination steels while at higher test frequencies the losses are comparable to the better grades of silicon steels. This loss trend is attributed to the small eddy current contribution to the total loss. Permeability also depends upon particle geometry. The smaller the demagnetizing factor of the individual particles, the higher the permeability. Core loss and permeability respond differently to particle geometry; hence, selection of the best particle size will depend upon which of the two characteristics is the most important to the particular magnetic circuit involved. Grain-oriented electrical steels show excellent magnetic properties in rolling direction due to ideal {I lo} (001) texture formed by secondary recrystallization. In order to obtain good magnetic properties, the distribution of fine precipitates, primary recrystallized microstructure and texture are considered to be very important.' In this study, the effect of hot band annealing on those metallurgical factors and, consequently, the magnetic properties of conventional grain-oriented electrical steels using only A1N for grain growth inhibition was investigated. The hot bands containing 3.1% Si, 0.05% C, 0.024% Sol.Al, and 0.0086% N, were annealed at 900 "C and 1120 "C for 3 min. These annealed hot bands were cold-rolled to a final thickness of 0.3 mm by a two-stage cold rolling with intermediate annealing in decarburizing atmosphere. And, for the comparison, the hot band was also cold-rolled without annealing. The cold rolled sheets were final annealed at 1200 "C for 10 hrs. in 100% H2 atmosphere. From the E M analysis of the hot bands before and after annealing, it is found that the higher the annealing temperature is, the more and finer AlN precipitates are formed. The microstructure of hot bands shows that the portion of recrystallized matrix is increased after the annealing due to grain growth and additional recrystallization. It is also found that microstructure after intermediate annealing becomes more homogeneous and its mean grain size increases, as hot band annealing temperature increases. Stable secondary recrystallization and good magnetic properties are obtained for the specimens annealed at 1120 "C in hot band stage. It can be concluded that the hot band annealing improves the magnetic properties by making the primary recrystallized microstructure more homogeneous and AlN distribution better.
BT-OS. EFFECT OF HOT BAND ANNEALING ON THE
'Y. Yoshitomi and K. Iwayama et al., J. Japan Inst. Metals. 57, 612 (1993) .
